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cases that evidence nitrogen retention also have more
or less edema, at least at periods. Those in which
edema is the striking phenomenon have usually slight
or marked nitrogen retention if the case is studied for
sufficient periods. The sections from these kidneys
do not disclose a uniform picture ; in one field the
tubules or some part of these tubules appear chieflydiseased, in another section from the same kidney it
may be that glomeruli seem more damaged, or the
arterioles. And it is impossible to surmise from the
appearance of a damaged tubule as to its degree of
functional impairment. Hence uremia is ordinarily
a complex picture, resulting from a mixture of physi¬
ologic defects and stamped clinically by that one
which is predominant. Only by a rather careful study
of many cases at bedside, in the laboratory, and at the
necropsy table does one arrive at a conception of pure
types. Pure types do occur, but they are the exception
in my experience. These types fall into three main
groups, depending on the nature of the functional
defect in the kidney: (1) retention type, the urinary
poisoning of Ascoli; (2) cerebral edema type; (3)
toxic type, or epileptiform uremia.
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Chemical researches have recently added much to
our knowledge of many pathologic conditions, but it is
doubtful if any disorder has profited more than nephri-
tis. The investigations have given us a clearer insight
into this condition, have aided in diagnosis and prog-
nosis and finally have been a guide to treatment.
For a long time the clinician has been accustomed to
rely on the examination of the urine for his index of
the efficiency of the kidney. In nephritis the volume,
specific gravity, albumin, casts, and occasionally, the
chlorids and total nitrogen or urea have covered the
examinations made. More recently the ability of the
kidney to eliminate various substances administered,
either per os or parenterally, has been practically
employed as a means of determining its func-
tional activity. The phenolsulphonephthalein test of
Rowntree and Geraghty1 and the lactose and potas-
sium iodid tests of Schlayer2 have found extensive
use, especially the former. The phenolsulphonephthal-
ein test, although introduced only six years ago, has
received almost universal recognition.
The finding of albumin and casts in the urine is
unquestionably of great diagnostic value in nephritis
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and of considerable prognostic value in the acute and
subacute forms of the disease. In the chronic forms,
however, there has been a growing tendency to place
less and less reliance on this information from the
standpoint of prognosis.
Recefttly Mosenthal3 has excellently discussed a
number of well-known clinical observations on the
urine. He has pointed out that a very considerable
amount of information may be obtained from the
observations of the volume, specific gravity, chlorids
and nitrogen output of the night and two-hour day
urine specimens of nephritic patients, when placed on
a definite test diet. The normal individual is able to
secrete at night a urine of high concentration, but in
nephritis the specific gravity may be fixed at a constant
level with a very definite concentration of chlorids
and urea. The importance and diagnostic value of this
has not been fully appreciated, primarily because of
the time and care required in the collection and analy¬
sis of the specimens.
The introduction of the phenolsulphonephthalein
functional kidney test by Rowntree and Geraghty in
1910 not only supplied us with a most valuable diag¬
nostic and prognostic test, but furnished the impetus
in this country to numerous investigations on the
functional activity of the kidney. With the introduc¬
tion three years later of simple methods of blood
analysis, especially at the hands of Folin and his
co-workers, the possibilities of these new methods as
practical diagnostic tests were quickly appreciated.
In some quarters the nonprotein or incoagulable
nitrogen alone has been employed as a test of kidney
activity, while in others the urea has been utilized.
McLean,* in particular, has emphasized the value of
a comparison of the urea of both blood and urine,
somewhat after the method employed by Ambard. So
far as we are aware, in institutions other than our
own, the uric acid has been used chiefly in connection
with the diagnosis of gout.
Although considerable attention has been given to
the urea and nonprotein nitrogen5 of the blood in
nephritis, scant consideration has been accorded the
uric acid and creatinin. It is true that the greater part
of the waste nitrogen is eliminated in the form of urea,
but it does not necessarily follow from this that data
on uric acid and creatinin are unimportant and unin¬
teresting. We do not believe that it is possible to make
satisfactory deductions regarding nitrogen retention
from the urea or nonprotein nitrogen determinations
alone. The scheme we now employ for the examina¬
tion of the blood entails the determination of the uric
acid, urea, creatinin and sugar as a routine with esti¬
mations of the carbon dioxid combining power
according to Van Slyke in cases in which this appears
to be indicated. The determination of the urea con¬
centration of the blood is, we believe, of more value
than that of the nonprotein nitrogen for the reason
that it represents the retention of a definite compound
and, further, is more easily and accurately determined.The phenolsulphonephthalein test is so far superior
to any other general functional kidney test that one
scarcely need mention any other test in a brief discus¬
sion. In comparison with the chemical examination of
the blood it is believed that the latter method gives
3. Mosenthal: Arch. Int. Med., 1915, xvi, 733.
4. McLean: Jour. Exper. Med., 1915, xxii, 212, 366; Clinical Deter-
mination of Renal Function by an Index of Urea Excretion, TheJournal A. M. A., Feb. 3, 1916, p. 415.5. A very complete discussion has been given by Tileston andComfort: Arch. Int. Med., 1914, xiv, 620.
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much more definite information in many cases. In our
work, however, we have almost invariably employed
the phenolsulphonephthalein test, either previous to or
in conjunction with the blood examination. Another
very important point in favor of the chemical exami¬
nation of the blood, compared with the quantitative
examination of the urine, is the difficulty and time
required in the collection of urine specimens. It is our
opinion that the chemical examination of the blood,
when good laboratory facilities are available, requires
less of the physician's time and gives him more definite
information.
Both Mosenthal0 and Foster7 have called attention
to the fact that the increase in the nonprotein nitrogen
of the blood in nephritis is quite insufficient to account
for the amount of nitrogen retention. Despite this
fact, the degree of the retention of the various waste
products affords an excellent index of the severity of
the condition, and probably a fair index of the reten¬
tion in the later stages of the disease, particularly as
regards the uric acid and creatinin.
TABLE 1.—URIC ACID, UREA NITROGEN AND CREATININ OP BLOOD IN INTERSTITIAL NEPHRITIS '
Case
H. L.
E. H.
E. D.
B. D.
J. J.
D. S.
D. D.
C. M.
L. P.
J. P.
W. C.
E. C.
T. D.
S. H.
J. W.
Aye N.'X Diagnosis
Pulmonary tuberculosis.
Pericarditis.
Interstitial nephritis.
Diffuse nephritis.
Early interstitial nephritis.
Early interstitial nephritis.
Early interstitial nephritis.
Early interstitial nephritis.
Moderately severe chronic interstitial ne¬
phritis
Moderately severe chronic diffuse ne¬
phritis
Moderately severe chronic diffuse ne¬
phritis
Typical fatal case of chronic interstitial
nephritis.
Typical fatal case of chronic interstitial
nephritis.
Typical fatal case of chronic interstitial
nephritis.
Typical fatal case of chronic interstitial
nephritis.
Condition
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Improved
Improved
Improved
Died
Died
Died
Died
Mg. per 10O C.c. of Bio
Uric
Acid
0.5
6.6
8.7
6.8
8.0
4.9
il.5
2.5
22.4
15.0
11.3
8.7
Urea
 
16
13
i:!
25
24
¡0
31
17
72
21
44
IH
236
210
263
144
4Creat-
inin
2.7
2.1
2.
 ,
2.4
2.5
3.3
3.6
2.0
4.8
2.9
3.2
1.9
3.5
i.a
16.7
20.5
22.2
11.0
Phthal-
ein
2 Hrs.,
perCent.
58
13
37
45
13
26
20
23
0
10
25
42
0
Trace
Systolic
Blood
Pres¬
sure
120
150
185
175
185
185
100
150
210)
1701
238)
H5\
210)
120 S
210
225
220
225
Urine
Albu¬
min
+
+
+
++
+++
+ +
+ +
+ +
++
+
* Normal findings: uric acid from 2 to S mg.; urea nitrogen, from 12 to 13 mg.; creatinin, from 1 to 2.5 mg. per 100 c.c.
The symbol rf signifies male; 9 signifies female.
In our studies8 on the uric acid, urea and creatinin
of the blood it was soon noted that high uric acids
were frequently found wthout any other retention,
while creatinin appeared to be retained only in the last
stages of the disease. In comparing the concentration
of these waste products in blood and urine, it was
observed that the kidney was able to concentrate the
creatinin 100 times, the urea eighty times, but the uric
acid only about twenty times. In other words, it would
appear that, normally, creatinin is the most readily and
uric acid the least readily eliminated by the kidney,
with urea standing in an intermediate position. From
this it is logical to expect that the excretion of uric acid
would be the first to be impaired, and in nephritis our
blood studies appear to indicate that a retention of uric
6. Mosenthal and Richards: Arch. Int. Med., 1916, xvii, 329.
7. Foster and Davis: Am. Jour. Med. Sc., 1916, cli, 49.
8. Myers and Fine: Jour. Biol. Chem., 1915, xx, 391. Myers and
Lough: Arch. Int. Med., 1915, xvi, 536. Myers, Fine and Lough:Arch. Int. Med., 1916, xvii, 570. This paper describes the estimation
of the uric acid, urea and creatinin in the blood. At the suggestions
of one of us (M.), E. Leitz of New York has recently made a very
simple and inexpensive colorimeter which may be used for these
determinations.
acid is generally the first to become evident. In har¬
mony with this hypothesis, we should next expect a
retention of urea and lastly.that of creatinin. That
such is the case is quite evident from an examination
of Table 1, giving analyses of typical cases of patients
suffering from various stages of nephritis.
According to this view a retention of uric acid
should constitute one of the early signs of incipientinterstitial nephritis, while an appreciable retention of
creatinin should indicate a grave impairment in the
functional condition of the kidney and therefore should
be a valuable prognostic test.
Theoretically, the creatinin of the blood should be a
safer index of a lowered kidney activity than the urea,
for the reason that creatinin on a meat free diet is
entirely endogenous in origin and its formation (and
elimination, normally) very constant. For the same
reason it must be evident that a lowered nitrogen
intake may reduce the work of the kidney in eliminat¬ing the urea and to a certain extent the uric acid, but
cannot affect the creatinin to any extent. The handicap
of a high creatinin accumulation, the kidney is, appar¬
ently, never able to overcome.
Our blood studies show that many early cases of
nephritis, probably of the interstitial type, give blood
pictures in which the essential feature is the high uric
acid. The urea and creatinin are frequently normal,
though sometimes appreciably increased. As the con¬
dition of the cases of this type becomes more severe,
the retention of urea increases, until we have high
values for urea as well as uric acid. If improvement
takes place, the concentration of urea gradually falls
until the picture is that of the preceding group. If, on
the other hand, the case goes on to fatal termination,
the retention of uric acid and urea is followed by that
of creatinin, the concentration of which may reach
twenty times the normal.
As already noted, the rise in the concentration of the
uric acid of the blood appears to be an excellent early
sign of chronic (interstitial) nephritis.9 The diagnos¬
tic value of the blood uric acid in comparison with
9. Myers, Fine and Lough: Footnote 8.
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other tests is well brought out in Table 2. It is
obviously important in this connection to bear in mind
the association of uric acid retention with gout,10
although the retention here must likewise be ascribed
to the same cause, namely, a lowered kidney per¬
meability.
As a prognostic test the blood creatinin has been
found of very great value. It is superior to thephenolsulphonephthalein test, since changes in thepatient's condition are clearly shown, while the phenol¬
sulphonephthalein test is continuously negative. Atten¬
tion was called to this test nearly a year ago,11 but we
now, have more than three times as many cases on
which to report. All patients whom we have been able
to follow for any length of time who had over 5 mg.
creatinin to 100 c.c. of blood have died. Our obser¬
vation on these cases, together with the phenolsul¬
phonephthalein outputs, are summarized in Table 3.In this list it will be noted that only three (one patient
has since died) of the patients having over 5 mg.
remain alive, and these are patients who have been
allowed to leave the hospital only recently. Only one
of these patients, however, can be called improved.
Our experience with the ratio between the urea of
the blood and urine according to the formulas worked
TABLE 2.—THE URIC ACID OP THE BLOOD IN CASES OP INCIPIENT INTERSTITIAL NEPHRITIS
Age
65
46
52
25
49
:><>
57
23
54
14
71
Sex Diagnosis, Remarks
Interstitial nephritis.
F ibi'il lation..".
Cirrhosis of liver, interstitial nephritis,
chronic alcoholism.
General edema.
Carcinoma of sto ach.
Interstitial nephritis.
Carcinoma of stomach, interstitial ne¬
phritis.
Pulmonary tuberculosis, tuberculosis of
kidney.
Hypothyroidism, interstitial nephritis.
Syphilis, interstitial nephritis.
Chronic arthritis, arteriosclerosis, intersti¬
tial nephritis.
Pericarditis, moderate alcoholism.
Mg. to 100 C.c. of Blood
Uric
Acid
8.7
7.7
7.5
7.1
6.5
6.3
6.3
6.1
5.6
Urea Creat-
Nitrogen inin
25
11
20
20
16
16
20
16
31
17
12
13
3.8
2.6
2.2
2.1)
2.7
2.0
2.7
2.4
2.1
Phthal-
ein,
2 Hrs.
Output,
per Cent.
13
41
20
45
50
26
58
43
65
45
Blood Pressure
185
120
100
163
150
185
130
150
185
145
1.50
Dias-
tolic
00
00
100
90
110
oo
00
Urine
AJbu-
min
+
+
-
+
+ +
+
out by Ambard and by McLean has been rather disap-
_
pointing. In comparing the uric acid, urea and
creatinin of the blood and the phenolsulphonephthalein
of the urine with the index of McLean* in thirty
cases, the index appeared to give no additional infor¬
mation over the blood urea with the possible exception
of one case. In this case a blood urea nitrogen of 33
mg. was encountered with an index of 198. In the
above thirty cases the indexes ranged from 3 to 342.
It is quite possible that this is too small a number of
cases from which to make deductions, although Addis
and Watanabe12 recently concluded that "The rate of
urea excretion in man varies under physiologic condi¬
tions in a manner which cannot be explained by the
concentrations of urea in the blood and urine." Dr.
Watanabe has been kind enough to recalculate some of
their data into terms of the McLean index, the results
indicating that according to this formula the indexes
on normal subjects may vary between 25 and 250, a
rather wide variation.
The patients whom we have had an opportunity of
studying have been largely patients suffering from
10. Fine: The Relation of Gout to Nephritis, as Shown by the Uric
Acid of the Blood, The Journal A. M. A., June 24, 1916, p. 2051.
11. Myers and Lough: Footnote 8.
12. Addis and Watanabe: Jour. Biol. Chem., 1916, xxiv, 203.
chronic interstitial (or true) nephritis. The condition
of the blood in parenchymatous nephritis (nephrosis)
is in our experience very different from that of the
interstitial type. In the parenchymatous form one
finds only a moderately increased blood urea, but dif¬
fering from the interstitial type ; an increased concen¬
tration of chlorids is frequently present, as might be
expected from an accompanying edema.
As is evident from dyspnea, many advanced cases
of nephritis develop an acidosis, due not to an
increased formation of acid substances as in diabetes,
but to the impaired elimination of the normally
formed acid substances. During the last two or three
years we have been accustomed to ascertain the degree
of this acidosis from the carbon dioxid tension of the
alveolar air13 or the hydrogen ion concentration of the
blood. Van Slyke1* has recently shown that the
degree of this acidosis may be more simply and more
accurately determined by ascertaining the carbon
dioxid combining power of the blood plasma. For this
purpose he has ingeniously devised a very simple
apparatus. This instrument has been in continuous
use in our laboratory for the past year. Normally the
carbon dioxid combining power varies from 53 to 77
c.c. (corrected) per 100 c.c. of plasma. In nephritis it
is generally somewhat reduced, 40 to 50, but may fall
to as low as 25 shortly preceding death.15 It would
appear that in some cases the acidosis was a more
important factor in the terminal symptoms than the
nitrogen retention. As a guide to the treatment of the
acidosis the determination has been found very valu¬
able. One case may be mentioned. W. C. (Table 1,Group 3, Case 3) was admitted in coma with a carbon
dioxid of 22. After an infusion of sodium bicarbo¬
nate, the patient quickly revived and on the second day
showed a carbon dioxid of 58.
That many advanced cases of diabetes develop
nephritis is a well-known clinical observation. In the
early cases of diabetes there is a direct relation
between the hyperglycemia and glycosuria, but this is
certainly not true in cases of long standing with
nephritis. It has been recognized for some time that
hyperglycemia was present in many cases of advanced
interstitial nephritis, though glycosuria was absent.
The blood picture that we have observed in some cases
13. Very recently Marriott (The Determination of Alveolar Carbon
Dioxid Tension by a Simple Method, The Journal A. M. A., May 20,
1916, p. 1594) has described a simple technic for carrying out this
test, thus rendering it directly available to the clinician.
14. Van Slyke, Stillman and Cullen: Proc. Soc. Exper. Biol. and
Med., 1915, xiii, 39.
15. Quintard and Fine: Unpublished observations.
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of advanced diabetes is typical of interstitial nephri¬
tis,9 that is, high uric acid values, frequently with
moderate retention of urea. These patients had.
marked hyperglycemias, in one case 1.1 per cent., but
were unable to secrete urines of high sugar content.
Cases might be cited10 with blood sugars up to 0.3 per
cent, and above without glycosuria. The condition the
clinician is endeavoring to treat by restricting the
carbohydrate of the diet is the hyperglycemia, but the
glycosuria is sometimes a very poor index to this con¬
dition. Since the determination of blood sugar may
now be very simply carried out, the estimation of the
sugar of the urine should be supplemented by thedetermination of the sugar of the blood.
COMMENT
Of the large number of methods used in the past
few years to estimate the functional capacity of the
kidney, we feel that the following are of practical use
to the general practitioner: the phenolsulphonephthal¬
ein test, the determination of the fixation of the spe¬
cific gravity and of nocturnal polyuria (an elimination
of over 400 c.c. between 6 p. m. and 6 a. m. being an
TABLE
-THE PROGNOSTIC VALUE OP THE CREATININ OP THE BLOOD IN NEPHRITIS
Case
W. F.
...
E. M.
...
S. H
T. D.
I. D.
P. J.
E. L.
M. M.
...
 . O
W. O'C.
.
M.
 _
 .
 .
J, .
 .  .
W. W.
..
 .
 .
...
 .
Blood
Creatinin,
Mg. to
loo c.c.
33.3
28.6
22.2
20.5
20.0
20.0
18.9
17.S
16.7
10.6
14.7
14.7
14.3
12.7
12.5
11.1
11.1
PI) thalein,
2 Hr.
Output,
per Cent.
0
0
2 to 3
0
0
0
 "
Trace
0
¿tö'i
0
0
Oto 3
Termina¬
tion
Died
Died
Died
Died
Died
Died
Died
Died
Died
Died
Died
Died
Died
Died
Stationary
Died
Died
Case
S.
...
.
G.
..
W.
..
P.
...
R.
.
McC.
R.
...
N.
..
E.
...
D. ...
K....
P.
...
Blood
Creatinin,
Mg. to
100 C.c.
11.0
10.7
10.0
0.1
8.3
7.4
7.0
6.7
6.1
5.0
5.6
5.5
5.4
5.3
5.2
4.9
4.8
Phthalein,
2 Hr.
Output,
per Cent.
3 toi
0-5-4-3-6
0
o
6-4-2
9
3
2-7-10
Termina¬
tion
13-4
10
0-10-31
Died
Died
Died
Died
Died
Died
Died
Died
Died
Died
Improved
Died
Stationary*
Died
Died
Died
Improved
This patient has since died with a creatinin of 12.5 at time of death.
indication of renal involvement), and the estimation
of the blood content of uric acid, urea, creatinin, sugar
and carbon dioxid combining power. These tests are
distinct contributions to medicine and have come to
stay.
The use of renal test meals gives us much valuable
information, but because they necessitate the careful
weighing of foodstuffs and the exact collection and
analysis of specimens of urine, their use will be
largely confined to institutions.
The modern dietetic treatment of nephritis is based
on the ability of the body to metabolize food stuffs and
to eliminate their end-products ; also on the perme¬
ability of the kidney to salt, water and nitrogen. By
means of the newer methods of urine and blood
analysis, the effect of a given diet can at once be
determined.
It is obvious that in cases of salt, water or nitrogen
retention the indications are to give either a salt-free
limited fluid or low protein diet, as the case requires.
In cases of nephritis with high nitrogen retention, an
almost exclusively carbohydrate diet, sugar in lemon¬
ade, arrowroot and cornstarch puddings are given for a
few days.
16. Myers and Bailey: Jour. Biol. Chem., 1916, xxiv, 147. This
paper describes the method of blood sugar estimation.
The amount of nitrogen retention in the blood
serves as a most excellent guide in the giving of pro¬
tein. The use of a salt-free diet in cases of parenchy¬
matous nephritis with edema and salt retention gives
prompt results.
CONCLUSIONS
An increase in the uric acid of the blood would
appear to be of considerable value as an early diag¬
nostic sign of incipient nephritis.
The urea of the blood has been found very valuable
as a guide to the treatment of moderately severe
cases of nephritis, since any change in the patient's
condition is quickly perceptible.
As a prognostic test the blood creatinin has been
found of very great service, over 5 mg. to 100 c.c.
having invariably proved fatal after the lapse of a
comparatively short period of time. During the
terminal stages of the disease the concentration of the
creatinin gradually rises, reaching 15 to 30 mg. in
most cases at death.
The determination of the carbon dioxid combining
power of the blood plasma according to the method of
Van Slyke is a valuable index to the acidosis of
nephritis, from the viewpoint of both diagnosis and
treatment.
In cases of advanced diabetes complicated with
nephritis, the glycosuria or absence of glycosuria is
a very poor guide to the hyperglycemia, since the
nephritis has lowered the permeability of the kidney
for sugar. In these cases the estimation of the sugar
of the urine should always be supplemented by the
determination of the sugar of the blood.
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The Diagnosis of Venereal Diseases.—A recent report from
the laboratory of the New York City Health Department
shows the work that is being done in the examination of
specimens from cases of suspected venereal infection during
the first quarter of 1916. During this period there were 13,419
complement fixation tests for syphilis, of which 3,730 were
positive arid 8,042 negative, 1,112 doubtful, and 535 specimens
received were not examined. There were 2,711 complement
fixation tests made for gonorrhea, of which 248 were positive,
1,841 negative, 281 doubtful, and 341 received no examination.
The specimens examined microscopically for gonorrhea num¬
bered 2,055, of which 321 were positive, 1,220 negative, 410
doubtful, and 104 specimens received were not examined.
The large number of negative reports indicates that physi¬
cians are taking advantage of the facilities the department
offers in the way of diagnosis.
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